Stirring of Stratospheric and Tropospheric Air
To gain some insight into the range in chemical contrasts that can be brought together by (near) isentropic mixing, and to motivate the idealized box-modeling experiments that follow, we have surveyed the range of cross-tropopause chemical contrasts in the TOMCAT chemical transport model [Stockwell and Chipperfield, 1999; Law et al., 1998 ] and made a detailed trajectorybased study of the stirring of a stratospheric intrusion into the troposphere.
Quasi-isentropic mixing events in t•he region of the extratropical tropopause have recently been categorized by Peters and Waugh [1996] , based on the earlier work of Thorncroft et al. [1993] . They presented four different paradigms of baroclinic wave breaking events that can lead to irreversible transport between the stratosphere and troposphere (or vice versa), which they label LC1, LC2, P1, and P2. In an LCl-type event, a filament of stratospheric air is advected into the troposphere, thinned out, and eventually mixed [Appenzeller and Davies, 1992; TAorncroft et al., 1993] , although roll-up of the filament (or streamer) has also been observed [Appenzeller et al., 1996 ]. An LC2 event involves the formation of a cutoff cyclonic vortex of stratospheric air in the troposphere, which either returns to the stratosphere after a few days [Thorncroft et al., 1993] Other species also have significant isentropic gradients across the tropopause in TOMCAT. Above 320 K, June is found to be around 10 times that in the March cases, due to increased photolysis rates. However, the qualitative dependence on mixing rate is otherwise almost exactly as described above.
Sensitivity to Constituents Mixed
To test the hypothesis that it is mixing between water vapor and ozone alone that is significant in setting the HO• levels in the above experiments, we performed further tests. The box model (without mixing) was in- 
